CONTEXT AND OBJECTIVE: C-reactive protein (CRP) is commonly used as a marker for inflammatory states and for early identification of infection. This study aimed to investigate CRP as a marker for infection in patients with postoperative septic shock.
INTRODUCTION
Systemic inflammatory response syndrome (SIRS) is a common event among critically ill patients. Whether accompanied by infection or not, it is frequent postoperatively, particularly in relation to trauma, burns, pancreatitis or pulmonary diseases. 1 Conversely, severe sepsis and septic shock are states of systemic inflammation in response to infectious agents that may lead to multiple organ system failure, and these are a frequent cause of postoperative mortality in intensive care units (ICUs). 2 The release of inflammatory response mediators over the course of such diseases gives physicians a useful tool for marking the severity of sepsis. 3 One of these markers, C-reactive protein (CRP), is produced by the liver in response to tissue injury or infection. It reaches its maximum serum concentration around 24 hours after the inflammatory process sets in and slowly decreases thereafter. 4 Previous studies have presented doubtful conclusions regarding the efficiency of CRP for differentiating infection from inflammation, especially during the postoperative period. 5, 6 OBJECTIVE Considering the importance of distinguishing inflammatory septic response from non-infective events, this study had the aim of evaluating the role of CRP as a marker for infection in critically ill patients during the postoperative period.
METHODS
This prospective study was performed in the surgical ICU at Hospital das Clínicas (HC), Faculdade de Medicina de São Paulo (FMUSP). After approval by the local ethics committee, patients admitted to the ICU with a diagnosis of SIRS or septic shock (SS) in accordance with the definitions of the American College of Chest Physicians/Society of Critical Care Medicine Consensus Conference were included. 7 Informed consent was obtained from the patients or from their next of kin. 8 Patients under 18 years of age were excluded. At the time when patients were admitted into the study, their severity of illness was assessed according to the Acute Physiology And Chronic Health Evaluation II score (APACHE II). 9 They were also assessed daily by using the Sequential Organ Failure Assessment score (SOFA) for seven consecutive days or until their discharge from the ICU, if this occurred earlier.
10,11 C-reactive protein was measured on a daily basis.
For infection to be diagnosed, clinical signs of SIRS and a defined source of microbiologically confirmed infection (surgical finding) or positive blood, urine, catheter tip or tracheal secretion cultures had to be present. 5 The patients received conventional therapy regarding antibiotic regimens, serial blood cultures and discharge criteria. The relevant clinical and laboratory tests were conducted daily throughout the study.
Blood samples for CRP measurements were thawed and assayed in batches in an automated analyzer (Behring Nephelometer Analyzer II, Dade Behring, Marburg, Denmark) for particle-enhanced immunonephelometry using commercial kits. The analytical sensitivity and accuracy of the CRP assays was 0.0175 mg/l (coefficient of variation, CV = 7.6%).
Statistical analysis to evaluate changes in variables over the course of the ICU stay was performed by means of two-way analysis of variance (ANOVA). Student's t-test was used to analyze differences between groups. P < 0.05 was considered significant. The sample size was calculated as 25 patients per group, based on the standard normal deviation for α = 0.05 and β = 0.20.
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RESULTS
Out of the 59 patients enrolled, 29 formed the SS group and 25 formed the SIRS group. Five patients were excluded after their next of kin withdrew their signed consent. The patients' characteristics at the time of admission to the study, their prior or preexisting conditions, the type of surgery and the outcome data are presented in Table 1 . The microbiological characteristics of both groups are presented in Table 2 . The evolution of SOFA scores in the two groups is presented in Figure 1 . The daily evolution of CRP in the two groups is presented in Figure 2 . Serum lactate was different between groups, as shown in Figure 3 .
There was no correlation between CRP and SOFA in either group (r = 0.004; P = 0.99). There was a positive correlation between CRP and lactate in both groups, but without statistical significance (r = 0.60; P = 0.15).
The daily evolution of CRP plasma concentrations among patients who died and survivors is presented in Figure 4 . The mortality rate over seven days was 38% for the SS group (11 out of 29 patients) and 24% for the SIRS group (six out of 25 patients) (P = 0.28). Over 28 days, the der septic shock. 10 It considered that CRP was a good marker for organ dysfunction after septic shock had been diagnosed. However, disagreeing with that report, the results presented here, as well as in previously published results, 19, 20 did not establish any positive correlation between CRP and SOFA. mortality rates in the SS and SIRS groups were, respectively, 62% (18 out of 29) and 44% (11 out of 25) (P = 0.17). The SS group presented a seven-day relative risk (RR) of mortality of 1.6 (95% confidence interval, CI: 0.99-2.59), in comparison with the SIRS group; the 28-day relative risk of mortality was 1.4 (95% CI: 0.83-2.35).
DISCUSSION
The present study did not show any correlation between CRP and diagnoses of infection among postoperative patients with SIRS and septic shock. Nor did the SOFA score correlate with CRP measurements.
The patterns of cytokine production differ for different inflammatory conditions, as does the acute-phase response. Acute-phase changes reflect the presence and intensity of inflammation. Therefore, they have been used as a clinical guide for diagnosis and care. Conversely, serum CRP has been widely used as a marker for inflammation and tissue injury, as well as for diagnostic purposes, thereby differentiating inflammatory and infectious diseases. 13 Previous reports have taken the view that elevated CRP levels are also associated with adverse outcomes in healthy individuals, as well as in patients with stable angina or acute coronary syndromes. 14 Among patients with plasma CRP concentrations higher than 10 mg/dl, 80 to 85% have bacterial infections, according to previous studies. 15, 16 In this present study, patients from both groups presented plasma CRP concentrations higher than 10 mg/dl during the seven-day observation period, but no difference between septic shock (infected) and SIRS (non-infected) patients was found, thus contrasting with the results of Gabay et al. 16 It is important to stress that Meisner et al. observed that CRP plasma concentrations were postoperatively elevated in almost all patients, regardless of the type of surgery. 6 Suprin et al. observed that CRP was not a valuable indicator of infection in a medical ICU, due to its poor sensitivity and specificity. 15 Ugarte et al. reported that CRP levels were not much higher in infected patients with shock, 17 and this was confirmed by the findings presented here. All the patients studied were in the postoperative period. This fact, also according to Meisner, could in itself explain the elevated CRP measurements observed, regardless of whether infection was present or not. Hence, CRP cannot be used as a marker for infection in the early postoperative period.
Higher CRP levels were observed among the patients in the SIRS group than among those in the SS group. This can be explained by the antibiotic regimens among the septic shock patients. Many patients with SIRS received only prophylactic antibiotic therapy, while septic shock patients received antibiotics during their entire ICU stay. Given that Ventetuolo et al. reported that CRP might be used to follow the response to antibiotic therapy, 18 the septic patients' response to the antibiotic regimen could be the reason for their lower CRP levels.
The difference in CRP concentrations between patients who survived and those who did not agrees with previous reports in which this protein was considered to be a valuable prognostic marker for death among patients with septic shock. 5, 10 A previous report associated CRP levels and organ failure among critically ill patients, although these patients were not specifically un-The present study had some limitations. The diagnosis of infection was based on the presence of positive cultures from blood, urine, catheter or tracheal secretion, or on the presence of a presumed focus of infection in the surgical site. It is known that false-negative cultures are a frequent finding among critically ill patients. Thus, some septic patients may be misdiagnosed as presenting SIRS, instead of sepsis. In order to minimize this source of error, patients diagnosed with SIRS who presented any positive culture during the seven-day observation period were excluded.
CONCLUSION
CRP is not a good predictor for infection among patients presenting septic shock during the early postoperative period.
